ED 463 753

AUTHOR
TITLE

INSTITUTION

SPONS AGENCY

PUB DATE
NOTE

CONTRACT
AVAILABLE FROM

PUB TYPE
EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUMENT RESUME

IR 021 679

Lemke, Cheryl

enGauge 21st Century Skllls
Digital Age.

North Central Regional Educational Lab., Naperville, IL.;
North Central Regional Educational Lab., Oak Brook, IL.
North Central Regional Tech. in Education Consortium.;
Metiri Group, Los Angeles, CA.

Office of Educational Research and Improvement (ED),
Washington, DC.

2002-00-00

32p.

ED-01-CO-0011

North Central Regional Educational Laboratory, 1120 East
Diehl Road, Suite 200, Naperville, IL 60563. Tel:
800-356-2735 (Toll Free); Fax: 630-649-6700; e-mail:
info@ncrel.org; Web Site: http://www.ncrel.org/. For full
text: http://www.ncrel.org/engauge/skills/skills.htm/.
Guides - Non-Classroom (055) -- Information Analyses (070)
MF01/PC02 Plus Postage.

Computer Literacy; Elementary Secondary Education; Futures
(of Society); Higher Education; *Information Literacy;
*Information Skills; *Information Technology; Skill
Development; Technological Advancement

*Digital Technology

Digital Literacies for a
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"enGauge" is a Web-based framework that describes six essential conditions,
or system-wide factors critical to the effective use of technology for

student learning.

In addition to the framework, the "enGauge" Web site

includes an online survey instrument that allows districts and schools to
conduct online assessments of system-wide educational technology

effectiveness.
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The educational system will be challenged to encourage the
development of these 21st century skills in relevant and meaningful ways.
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"Digital-Age Literacy," discusses basic,
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scientific and

technological literacies; visual and information literacies; and cultural

literacy and global awareness.

The second section, "Inventive Thinking,"

focuses on adaptability/ability to manage complexity; curiosity, creativity,
and risk-taking; and higher-order thinking and sound reasoning. Section

three,

"Effective Communication," deals with teaming, collaboration, and

interpersonal skills; personal and social responsibility; and interactive

communication. The fourth section,
to prioritize, plan, and manage for results;
tools; and relevant, high-quality products.

"High Productivity," discusses the ability
effective use of real-world
Section five, "Information

Technology, " identifies possible social effects with regard to information
technology. Two other sections provide a brief summary and references.
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About enGauge

NCREL'’s enGauge is a Web-based framework that describes six
essential conditions, or system wide factors critical to the effective
use of technology for student learning. In addition to the framework,
the enGauge Web site includes an online survey instrument that
allows districts and schools to conduct online assessments of
system wide educational'technology effectiveness.

For more information on enGauge, please visit the Web site:
http://www.ncrel.org/engauge/

enGauge was codeveloped by NCREL, NCRTEC, and the
Metiri Group.

The 21st Century Skills portion of enGauge reprinted in this
brochure was written for NCREL by Cheryl Lemke, Metiri Group.

NCREL

North Central Regional Educational Laboratory
1120 East Diehl Road, Suite 200

Napervilleﬁllinois 60563-1486

(800) 356-2735 Fax (630) 649-6700

www.ncrel.org

This work was produced in whole or in part with the funds from

the Office of Educational Research and Improvement (OERI), U.S.
Department of Education, under contract number ED-01-CO-0011.
The content does not riecessarily reflect the policy or position of
OERI or the Department of Education, nor does mention or visual
representation of trade names, commercial products, or organizations
imply endorsement by the federal government.
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Introduction

Executive Summary

e know that technologies change almost daily. We also know that,

in order to succeed in this new “digital age,” the nation’s workforce

must be fluent in the skills and languages of those ever-changing
technologies. It follows, then, that education—and how technology is used in
education—must change to keep up or, ideally, stay one step ahead.

This publication describes a set of “21st Century Skills” that will be increasing-
ly important to students entering the workforce. These skills are not at odds
with traditional educational skills, but are in fact extensions of those skills,
adapted to new technologies and new work environments. The educational
system will be challenged to encourage the development of these 21st century
skills in relevant and meaningful ways.

Even as researchers begin to accumulate evidence of the effects of a particular
technology on educational practice, technology itself is changing and, in

some cases, becoming obsolete. NCREL’s enGauge framework describes
general, system wide factors that are thought 10 be critical to the effective

use of technology in education regardless of the specific hardware, software,
or communications infrastructures of the day. Ideally, effective system wide
use of technology in education will assist students in acquiring traditional
academic content knowledge that is powerfully leveraged by the 21st Century
Skills outlined in this brochure

Growing Up Digital
“Students are natives to cyberspace, where the rest of us are immigrants.”
—Douglas Ruskoff, Playing the Future, 1996

Today’s children are “growing up digital.” Their view of the world is quite dif-
ferent from that of adults. They are growing up with unprecedented access to
information, people, and ideas across highly interactive media. In his book
Growing Up Digital, Don Tapscott (1998) suggests that it is precisely this real-
time, webbed interactivity that has spurred societal changes in ways prior tech-
nologies did not.

Since 1994, when the Internet rose from obscurity to popularity due to the World

- Wide Web, over 116 million Americans (44%) have logged on. Americans now
use the Internet for business transactions, shopping, entertainment, information
searches, communication, and, to some extent, learning. In January 2001, the
Web-based Education Congressional Committee reported, “The World Wide
Web is bringing rapid and radical change into our lives—from the wonderfully
beneficial to the terrifying difficult” (Kerry & Isakson, 2001).

JOOOdddam . - B enGauge 21st Century Skills
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enGauge 21st Century Skills

Digital-Age Economy

“The biggest unknown for the individual in a knowledge-based economy is how
to have a career in a system where there are not careers. What used to be true
only in declining industries—that skills suddenly become valueless—is now true
everywhere.”

—Lester Thurow, The Atlantic Monthly, June 1999

Technology and telecommunications have already caused significant shifts in
the way the government and private sector conduct business. Technology has
contributed almost one-half of the nation’s long-term economic growth since
World War 11 according to a 1999 report by the U.S. Department of Commerce.
More than 19 million new jobs were created during the last decade-a rate of
growth more than twice that of the previous decade. The U.S. Department of
Labor (1999) reports, “High-technology industries account for one million of
these new jobs. E-commerce generated $300 billion in revenues last year
approaching the size of the automobile industry.”

The 21st Century Workforce Commission (2000) predicted that by 2006, nearly
one-half of all U.S. workers will be employed in industries that produce or
intensively use information technology products and services. There will be a
premium on American workers who are able to read and understand complex
materials, think analytically, and use technology efficiently.

A Digital Divide.

The U.S. Department of Commerce report Falling Through the Net (1999),
released in October 2000, reports the following:

» U.S. households with Internet access soared to a record high of 41.5 percent
in August 2000.

* More than 116.5 million Americans were online at some location as of
August 2000.

» This rapid uptake of technology use is occurring among most groups
of Americans regardless of income, education, race or ethnicity, location,
age, or gender.

The report clearly states that Internet access is “no longer a luxury.” If the
digital divide were defined strictly in terms of Internet access and computer

-ownership, current statistics would indicate that digital inclusion would be a

realizable goal. But that chasm is deeper than just access—it also represents
differences in the capﬁcity to use these tools efficiently, effectively, and innova-
tively. Access is only the first step toward equity. True equity will require high
levels of technolégy proficiency to ensure broader, meaningful, innovative uses
of technology by all segments of the population.

) © oO0oCoO0Ee.
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Technology and Learning

Technology itself is providing new insights into the working of the human
mind. How People Learn (Bransford, 1999) is groundbreaking in its conver-
gence of brain research, cognitive learning theory, and technology. The book
discusses medical breakthroughs in computer imaging of the brain that allow
scientists to understand more fully how people think and learn. The book lists
five ways technology adds value to learning:

1. Real-world contexts for learning
. 2. Connections to outside experts
3. Visualization and analysis tools
4. Scaffolds for problem solving
5. Opportunities for feedback, reflection, and revision

Practitioners agree with those findings. The U.S. Department of Education’s fall
2000 conference, “Technology in Schools: Measuring the Impact and Shaping
the Future,” was a working conference for classroom teachers, educational
administrators, researchers, and policy leaders. The breadth and depth of the
conference pfogram contributed to the participants’ conclusions, including the
following:

* Breakthroughs in technology have advanced what is known about how
children think and learn.

* Research shows that, under the right conditions, technology advances
children’s academic achievement.

» Technology’s tremendous influence on society has changed what children
need to know and be able to do to be successful today.

» Emerging technologies can and should be used to more accurately assess what
and why children are or are not learning (U.S. Department of Education, 2001).

Technology not only changes how people learn, it affects what they need

to learn as well. This sentiment is evident in the Secretary’s Commission

on Achieving Necessary Skills’ (SCANS) recommendations for 2000. These
recommendations build upon the principles set forth in the 1991 SCANS report
What Work Requires of Schools. In their latest report, the commission links the
ecbnomy, the schools, and the need for continued renewal of workers’ skills in
three recommendations:

~enGauge 21st Century Skills
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» The qualities of high-performance that today characterize our most competi-
tive companies must become the standard for the vast majority of employers,
public and private, large and small, local and global.

« The nation’s schools must be transformed into high-performance organizations.

 All Americans should be entitled to multiple opportunities to learn the
SCANS know-how well enough to earn a decent living.

SCANS” -primary message to schools is to “look beyond the schoolhouse to
the roles students will play when they leave to become workers, parents, and
citizens” (Secretary’s Commission on Achieving the Necessary Skills, 2000).

The public recognizes that fact. A 2000 poll by Phi Delta Kappa and Gallup
reports that 69 percent of the public believes that technology improves learning,
with 82 percent recommending that more dollars should be spent on school
technology.

32nd Annual PDK/Gallup Poll

Should Schools Invest More in 32nd Annual PDK/Gallup Poll

Technology? .Has Technology Improved Instruction?
]
Should Not |17 No IL_2%]
Should | %)) Yes |f i)
. Z . ‘ Z :
0% 50% 100% 0% 50% 100%

Source: Phi Delta Kappa/Gallup, (2000, September).
Policy implications of the 32nd annual Phi Delta Kappa/Gallup poll. Phi Delta Kappan, 82(9), 51-55.

Just as compelling was the survey’s finding that the public expects students

to receive a balanced education. “Policymakers should prepare for the negative
public reaction...if school improvement efforts focus on the basics to the
exclusion of other subjects” (Phi Delta Kappa/Gallup, 2000).

enGauge 21st Century Skills COogogoosEasene
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32nd Annual PDK/Gallup Poll

Primary Purpose of the Public Schools
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Skills for the 21st Century

The driving force for the 21st century is the intellectual capital of citizens.
Political, social, and economic advances in the United States during this millen-
nium will be possible only if the intellectual potential of American youth is
developed now. It should be no surprise that what students learn—as well as
how they leam it and how often they must refresh these skills sets—is changing.

The urgency to build the capacity of American workers to meet the needs of the
21st century is readily apparent in the number of high-profile groups publishing
reports as “calls for action.” For example, in January 2001 the National Skill
Standards Board (NSSB) approved and published for public commentary the
Manufacturing Skills Standards Council Skill Standards: A Blueprint for

Workforce Excellence.

The enGauge list of 21st-century skills presented in this publication is intended
to provide the public, business, industry, and education with a common under-
standing of and language for discussing the skills needed by students and work-
ers in this emerging Digital Age. The enGauge project is based on the premise
that preK-12 schools should incorporate 21st-century skills and proficiencies
into school curricula within the context of academic standards.

BEEBOOOOOONO , . enGauge 21st Century Skills
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Methodology

The enGauge 21st-century skills are based on literature reviews, analysis of
nationally recognized skill sets, input from educators, data from educator sur-
veys, and reactions from constituent groups. Eight nationally recognized skill
sets were analyzed to inform the identification of the enGauge 21st-century
skills:

* National Education Technology Standards, 1998, International Society for
Technology in Education.

» What Work Requires of School, 1991, Secretary’s Commission on Achieving
Necessary Skills, U.S. Department of Labor.

* Standards for Technological Literacy, Content for the Study of Technology,
2000, International Technology Education Association, www.iteawww.org.

o FIT: Being Fluent With Information Technology, 1999, Committee on
Information Technology Literacy, National Research Council.

o Information Literacy Standards for Student Learning, 1998, American
Association of School Librarians (AASL), Association of Educational
Communications Technology (AECT), and American Library Media
Association (ALA).

* A Nation of Opportunity: Building America’s 21st Century Workforce, 2000,
21st Century Workforce Commission, U.S. Congress.

¢ Growing Up Digital: The Rise of the Net Generation, 1998, Don Tapscott.

* Preparing Students for the 21st Century, 1996, American Association of
School Administrators.

In addition, data was_gathered from educators at state-level conference sessions
in ten states, educator surveys, and focus groups in Chicago and Washington,
D.C. Initial drafts of the enGauge 21st-century skills were then reviewed by
experts in the field prior to publication.

enGauge 21st Century Skills l OJdoOoddEEmnm
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Digital-Age
Literacy

Basic, Scientific, and Technological Literacies

he term “literacy” originally focused on the ability to read and write. In

recent years, the term has also been used to describe competence in a

field of knowledge. Due to the breadth of concepts addressed in current
literature on literacy, the plural term “literacies” is used here.

The definitions of the literacies in this Digital Age are highly politicized given
the power shifts due to technology’s influence on the economy and society
(Kaplan, 1995). Just as a digital divide exists based on access to technology and
connectivity, so will a digital divide develop based on levels of basic, techno-
logical, cultural, scientific, mathematical, visual, and information literacies. As
in the past, one key to closing these divides will be found in the transformation
of public education into a high-technology, high-performance learning organi-
zation—one that provides avenues to high literacy achievement for all students.

As society changes, the skills that citizens need to negotiate the complexities of
life also change. In the early 1900s, a person who had acquired simple reading,
writing, and calculating skills was considered literate. Only in recent years has
the public education system expected all students to learn to read critically,
write persuasively, think and reason logically, and solve complex problems in
mathematics and science (Bransford, 1999).

Basic Literacy: Language proficiency (reading, writing, listening, and speak-
ing) using conventional and technology-based media (Education Development
Center, 2001).

Functional or basic literacy—the ability to read, write, listen, and speak—has
become more important than ever in this Digital Age. The definition of basic
literacy has dramatically shifted with the times (Lindamood, n.d.). Whereas in
the early 1900s it was defined as the ability to write one’s name, later it was
expanded to mean the decoding of text, and in the 1930s to include reading and
expressing oneself through writing.

In today’s age of hypertext, images and icons, charts and graphs, and statistical
data, basic literacy includes the ability to read and understand complex docu-
ments that include images and information in an expanding array of technolo-
gies (Rafferty, 1990). While reading, writing, listening, and speaking is para-
mount, today’s student must be able to decipher meaning and express ideas
through a range of media.

11
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Scientific Literacy: Knowledge of science, scientific thinking, mathematics,
and the relationships between science, mathematics, and technology
(Nelson, 1999). ’

The New York Times (2001, January 18) recently reported an astounding
scientific breakthrough. Scientists developed a method to capture light and
then release it at will. Technological advances such as this are occurring at
ever increasing rates. In the past decade alone, scientists have mapped the
genome, discovered how to clone ahimals, and sent probes past the outer edges
of the solar system. The body of scientific knowledge is continually expanding
as scientific breakthroughs occur and scientific hypothesis and theories are
developed and tested.

The Third International Mathematics and Science Study (TIMSS) reports that
between fourth grade and eighth grade, the scientific and mathematical accom-
plishments of American students fall from near the top to around the middle
compared to more than 40 other countries (Boston College, Lynch School

of Education, & International Association for the Evaluation of Educational
Achievement, 1995).

Several national groups (e.g., the National Research Council, American
Association for the Advancement of Science, and National Council of Teachers
of Mathematics) have recently revolutionized thinking about science and math-
ematics education by setting standards that emphasize scientific inquiry, scien-
tific process, problem-based learning, and the integration of science and mathe-
matics (Linn et al., 2000). This area also includes numeracy, or quantitative lit-
eracy, and the use of mathematics to investigate, explore, estimate, systematize,
and visualize phenomena across the curriculum.

It is important for today’s students to learn to do science and mathematics as

field and research scientists do—with the advantages of modern technologies.
Students need to leave school literate in the language and functionality of the
sciences and mathematics of the Digital Age.

Technological Literacy: Competence in the use of computers, networks,
and applications.

Technology has become pervasive in American society. While mainframe
technologies were introduced over 50 years ago, it has been less than 20
years since personal computers were designed, and less than seven since
the World Wide Web and widespread public use of the Internet began.
The accelerating rate at which technology is evolving makes it difficult
to stay current.

Standards and guidelines have been developed for K-12 students’ technological
literacy. The International Society for Technology in Education (ISTE) includes

E 12 ol EEmnm
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a “Basic Operations and Concepts” section that clearly states that students
must be proficient in the use of technology (ISTE, 1998). The Secretary’s
Commission on Achieving Necessary Skills published a report in 1991 that
listed five competencies for K-12 students, one of which was to “work with a
variety of technologies.” More recently, the American Association of School
Administrators included “skill in the use of computers and other technologies”
as an essential skill for students in the 21st century (Uchida, Cetron, &
McKenzie, 1996).

In the present marketplace, technological literacy is an essential component

of job readiness. It is important that students become competent in the use of
technology and associated applications. More importantly, they must be able

to apply their skills to practical situations. Thus, students should learn techno-
logical skills in the context of learning and solving problems related to academ-
ic content and academic standards.

Technological literacy is a dynamic skill that involves continual effort. Students
must be able to build on what they already know as they learn new languages,
adapt to new systems, and weigh the benefits and applications of technological
development. Technological literacy necessarily changes over time as technolo-
gies emerge and become readily available to citizens.

Visual and Information Literacies

Visual Literacy: The ability to decipher, interpret, and express ideas using
images, graphics, icons, charts, graphs, and video.

The graphic user interface of the World Wide Web and the convergence of
voice, video, and data into a common digital format have increased the use

of visual imagery dramatically. Through advances such as digital cameras,
graphics packages, streaming video, and common standards for imagery,
visual imagery is increasingly used to communicate ideas. Experts in many
fields are using visualization tools to represent data in ways never before
possible. From three-dimensional representations of data to geographical
information systems to representation icons, a picture is truly worth a thousand
words. Students need good visualization skills to be able to decipher, interpret,
detect patterns, and communicate using imagery.

Computer-based visualization and analysis tools have fundamentally

changed the nature of inquiry in mathematics and science. Scientists use
these powerful modeling tools to detect patterns and understand data using
colors, time-sequenced seﬁes, three-dimensional rotations in real-time, and
graphical representation of complex correlations. Such visualizations are
equa]ly as effective in language arts, the social sciences, the arts, and physical

NCR€L A©2002 NCREL. All rights reserved.
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education. For example, Senge (2000) describes students in a K-12 classroom
that graphed the power struggle of two characters (Jack and Ralph) throughout
the Lord of the Flies (see below). Such graphs represent the students’ under-
standing and interpretation of evidence and events in the book.

Jack and Ralph’s Power Struggle Throughout

Lord of the Flies

12
=10
OEJ 8 //\
o
o ] \ [ Ralph
g A / — \\ Jack
32 ‘ = _-"\

0 T T T T T T T Ll T T T

1 2 3 45 6 7 8 9 10 11 12
Chapter

Excerpt from students’ work with supporting evidence for the
above chart:

Chapter 1: On the boys’ first day on the island, Ralph is appointed
chief. He gets this power due to his attractive physical appearance
and the fact that he is in possession of the conch. Jack is given lead
of his choir/hunters and has incredible confidence in himself.

Chapter 3: Ralph is still recognized as chief by Jack, but the hunters
begin to rebel against Ralph’s idea of a signal fire. He argues that
hunting for meat is more important.

Source: Senge, P. (2000) Schools that learn.
New York: Doubleday/Dell Publishing Group, Inc.

A primary cause of underachievement in mathematics is an inability to visual-
ize and verbalize the underlying concepts. Supporting the perception that math-
ematics is calculation, individuals memorize facts instead of thinking inventive-
ly, reasoning creatively, and solving problems by manipulating numbers and
data sets (Lindamood, n.d.).

Visualization tools enable students to build interactive models to test theories
in real time, using graphics to display results. This method helps many students
make sense out of complex subjects by exploring the relationships between
component parts and visually representing the interplay of ideas. The software
packages Inspiration, STELLA, and SemNet are three excellent examples of

14

such tools.
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Information Literacy: The competence to find, evaluate, and make use of
information appropriately.

In their 1998 publication Information Literacy Standards for Student Learning,
the American Association of School Librarians and the Association for
Educational Communications and Technology called information literacy “a
keystone of lifelong learning.” The publication also lists 12 key standards under
the umbrella areas of information literacy, independent learning, and social
responsibility. Information literacy includes accessing information efficiently
and effectively, evaluating information critically and competently, and using
information accurately and creatively.

Accessing information has become increasingly important as databases previ-
ously only accessible to library media specialists are now available to students
directly. Browsing, searching, and navigating online have become essential
skills for all students, as has recognition of the limitations of digital archives
(some things remain unavailable electronically). Familiarity with natural
inquiry, Boolean search strategies, and the organizational systems (cataloging,
abstracting, indexing, rating) is also extremely important.

The digitizing of documents, imagery, video, and audio raises new issues of
analysis and evaluation. Critical analysis of documents to determine purpose,
bias, accuracy, and quality is more important than ever. Credibility of sources is
also a critical issue given the ease with which computers can be used to edit or
fabricate what have traditionally been viewed as factual records—both print
documents as well as images. Ultimately, students need to understand the inter-
relationships between the library collections, proprietary databases, and other
Internet documents to ensure appropriate, effective searching and accurate eval-
uation of sources.

Cultural Literacy and Global Awareness

Cultural Literacy: A recognition and appreciation of the diversity of peoples
and cultures.

The globalization of commerce and trade has increased the need for cultural lit-
eracy. The Digital Age brings with it a connectedness across a globe that is rap-
idly becoming wired. The economy now has a global base, with the U.S. con-
cerned about interactions, partnerships, and competition from around the world.
With this globalization comes the necessity of knowing, understanding, and
appreciating other cultures—including diverse ethnic and organizational cul-
tures (Trilling & Hood, 1999).

T‘he American Association of School Administrators (2000) reminds us,
“Properly managed, diversity can enrich. Not properly managed, it can divide.

enGauge 21st Century Skills
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